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Exploring the Glue that Binds Us All
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= Questions at the next QCD frontier

o How are the sea quarks and gluons, and their spins,
distributed in space and momentum inside the nucleon?

O
O

= An Electron-lon Collider

Electron beams for precision measurements
Polarized nucleon beams

Heavy ion beams of different species

Kinematic reach into the gluon dominated regime
Dedicated hermetic detector setup
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The Structure of the Nucleon

= What is the dynamical origin of sea quarks and
gluons inside the proton?

= How does the proton spin originate at the microscopic
level?

= How Is hadron structure influenced by chiral
symmetry and its breaking?

= How does confinement manifest itself in the structure
of hadrons?



Partonic Descriptions of the Nucleon
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Deep Inelastic Scattering

Lorentz invariants
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Structure Functions
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Longitudinal Spin Structure
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Longitudinal Spin Structure
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Quark TMD Distributions in SIDIS
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Quark TMD Distributions
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Spatial Imaging of Nucleons
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Exclusive processes to measure generalized parton distribution functions:

Resolution scale K Mg + Q2
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Deeply Virtual Compton Scattering

10°

| Ty I
Current DVCS data at colliders: 9@
O ZEUS-totalxsec O Hi-tetal xsec O
- ® ZEUS- doidt B Hi-doudt R
= ACU

[ Current DVCS data at fixed targets:

4 HERMES-A A HERMES- AcU
L 4 HERMES-Ary, Au, Ay

4 HERMES-Ayr + HallA- GFFs
* CLAS-Ay % CLAS-Ay

F Planned DVCS at fixed targ.:
F 0] COMPASS-do/dt, Acsy, Acst
I JLAB12- dofdt, Ay, Ap, Al

10°

C . do
For spatial imaging measure —

Need binning in xz and Q2 /

10°F
- [Ldt=10fb™
20 GeV on 250 GeV

10" 1

fLdt =10 b
5 GeV on 100 GeV

Lol RN |||- -|L||||||| L |||_

=

10

102
Xg

10°

10°

—_
[=]
Ell

—
[=]
N

—_
[=]
w

—
o
ra

10°

10*

—
o
[

107



Distribution of gluons

Gluon Distributions
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The Nucleus: A Laboratory for QCD

= What is the role of strong gluon fields, parton
saturation effects, and collective gluon excitations in
nuclei?

= Can we experimentally find evidence of non-linear
QCD dynamics in the high-energy scatterlng off
nuclei?

= What are the momentum/spatial
distributions of gluons and sea quarks
In nuclei?

= Are there strong color fluctuations
Inside a large nucleus?
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Measurements with A = 56 (Fe):
o eAfuA DIS (E-139, E-665, EMC, NMC)
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Nuclear PDFs

Expect strong non-linear effects in F_ from higher twist contributions
Dipole model from Bartels et al.
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Prediction in CGC framework Expected experimental significance
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Fix momentum transfer t = (p4 — p4,)? = (Vv + Peor — Pe)?
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ERL eRHIC
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Proton beam energy 250 GeV
New lon beam energy 100 GeV/u

detector Electron beam polarization 80%

Proton beam polarization 70%

3.08 GaV 30}

7.95 GaVl --;..
12.85 GaV ._.-.
17.75Gev [ )
22,65 GaV/ ....-.

27 .55 GeV

550 GaV

10.4 GaV

15.3 GaV

202 Gav

25.1 GaV

300 GaV

50 100 150 200 250 300

E, (GeV)




MEIC/ELIC
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15t Detector Concept
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Electron lon Collider:
The Next QCD Frontier

Understanding the glue
that binds us all

arXiv:1212.1701
http://www.bnl.gov/npp/docs/EIC_White Paper_Final.pdf
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Transverse Momentum Dependence

Lead |ng TW'St TM DS O—» Mucleon Spin @ Cluark Spin

Quark Polarization

Nucleon Polarization
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Saturation Scale Qg

The ultra-relativistic boost amplifies the gluon densities in a nucleus R~A /3
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Diffractive Cross Section
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Erntries

DIS Kinematics
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SIDIS Kinematics
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Precision Measurement of sin? 6,/
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